Introduction
Staphylococcus aureus continues to cause impressive spectrum of community-acquired diseases ranging from skin infections to fatal disseminated disease [1] , especially in malnourished children of tropics and subtropics [2] . Mortality in children with staphylococcal bacteremia varies from 1.4% [3] to 30-35% [1, 4] . Data are scanty regarding disseminated staphylococcal disease (DSD) in children in general [1, [3] [4] [5] [6] and their critical care needs in particular. Initial critical care support to vital functions until the control of infective process may improve outcome. However, with limited critical care beds available in developing economies, there is a need to prioritize the admissions. Considering high incidence in developing economies [7] , fulminant nature and resurgence in hospital-acquired setting [8] , it seems timely to review the clinical presentation, critical care management and outcome of children with DSD to identify profiles of children most in need of critical care. Thus we present clinical and microbial data of 53 patients with DSD admitted to our Pediatric Intensive Care Unit (PICU) over a 5-year period in this part of report. Their management, critical care needs and outcome will be dealt in a second part.
Material and Methods
Study was conducted at PICU of a large teaching and regional referral hospital in South Asia. During study period, pediatric services had 120 beds and treated on average 4000-5000 inpatients (excluding newborns) per year. PICU had six critical care beds and two monitoring beds, two pediatric intensivists, two senior residents, three junior residents and trained nurses (patient-nurse ratio; 2:1), facilities for ventilation, invasive and noninvasive hemodynamic and respiratory monitoring and infusion therapy. The unit had an annual admission rate of 400-500 patients. Sub-specialty consultations including physiotherapist and nutritionist, 24 h radio-imaging, blood gases, biochemistry and blood bank services were available.
Patients were admitted to PICU based on general guidelines of our unit [9] . In brief, a patient was transferred if in the judgement of primary physician or intensivist he needed frequent or continuous intervention to maintain airway, endotracheal intubation, significant respiratory support or mechanical ventilation, significant support to maintain hemodynamic balance such as fluid resuscitation, continuous invasive pressure monitoring, continuous inotropic drugs to maintain blood pressure, continuous electrocardiographic monitoring, correction of life threatening dyselectrolytemia, frequent or continuous monitoring of neurological status and management of status epilepticus. Mortality predictive scores were not practiced in the unit during the study period.
Medical records of patients with DSD managed in PICU over 5 years (June 1994-June 1999) were reviewed. DSD was defined as pyogenic infection of two anatomically non-contiguous organs, and either culture of S. aureus or demonstration of clustered Gram-positive cocci from at least one normally sterile body fluid. The data was retrieved on clinical and demographic characteristics, various laboratory studies, critical care problems and their management details. Specific management included antimicrobial therapy, a thorough clinicoradiological surveillance to search for collections and their surgical drainage. A central venous line was inserted in patients with septic shock and/or raised intracranial pressure to monitor intravascular volume. An arterial line was inserted in some to monitor invasive blood pressure. Tracheal intubation was performed for unstable airway, hypoxia, pulmonary toileting and/or ventilatory support. Mechanical ventilation was initiated for increased work of breathing, need of high FiO 2 (>0.4) to maintain SpO 2 > 90%, or hypoventilation (PaCO 2 > 50 torr). Weaning-off-ventilation was initiated when patient was hemodynamically stable, oxygenation and chest radiograph was satisfactory. Supportive care included maintenance of blood pressure, fluid and electrolyte balance, analgesia, prevention of bed-sores, physiotherapy, asepsis and early enteral nutrition. Microbial surveillance protocol included twice a week cultures of blood and urine, alternate day culture of tracheal secretions if intubated and culture of all invasive line-tips on removal. Patients were discharged from PICU when they were hemodynamically stable, did not need ventilatory support and tracheal tube.
As per our institute's policy, retrospective studies do not need approval from Institute Ethics Committee. Descriptive statistics (frequency, mean, SD) were calculated. Data that did not follow a normal distribution are presented as medians with their respective 10th and 90th centile ranges. Comparisons were made using 2 test (with Yates' correction if required) for proportions and t -test for continuous variables.
Results

Patients characteristics
Fifty-three patients with DSD between 1.5 months and 12 years of age (5.1 AE 3.4 years) were admitted during June 1994-June 1999, constituting 2.3% of all PICU admissions. Demographic and clinical characteristics are shown in Table 1 . Majority (34/53, 64%) were malnourished [10] . Two-thirds (64%) of patients presented during hot and humid months (May-August) of the year (goodness of fit 2 ¼ 22.9, P < 0.001). Preceding history of pustules was present in 14 patients (26%) with similar clustering (13 in May-August, goodness of fit 2 ¼ 14.4, P < 0.001). Almost all patients had fever for 1-60 days (median, eight days; 10-90th centile, 3-15 days) and majority (83%) presented within 2 weeks of it. Respiratory distress was the second commonest (81%) presentation; other common presentations (21/53, 40% each) were restriction of limb mobility (due to musculoskeletal involvement) and altered sensorium (12 had intracranial involvement). One-third (20, 38%) received preadmission oral and/or parenteral antibiotics, but only few received specific antistaphylococcal antibiotics. Forty-one (77%) patients had anemia (hemoglobin <110 g/l); 33 (62%) had moderate to severe anemia (hemoglobin <100 g/l). Patients with longer symptoms (>14 days) had overall higher risk of anemia (RR, 1.38; 95% CI, 1.15-1.65), especially moderate to severe anemia (RR, 1.56; 95% CI, 1.11-2.2). Most (80%) of the anemic patients had dimorphic red cells on peripheral blood smear suggestive of nutritional anemia. Total leukocyte count was raised in 23 patients only. Three patients, including one infant had neutropenia (absolute neutrophil count <1.5 Â 10 9 /L). Three patients had low (<75%) prothrombin index. One patient each had features suggestive of toxic shock syndrome and staphylococcal scalded skin syndrome.
On average, 3.25 sites were involved per patient (total, 171 sites). Of 131 deep tissue involvements, majority (113/131, 86%) were detected during first 3 days of admission. However, 6 (4.5%) and 12 (9%) sites were detected during 4th-7th day and after 7 days of hospitalization, respectively. Major organ involvement included necrotizing soft tissue disease (abscess, cellulitis, pyomyositis), pleuro-pulmonary disease, pericardial effusion, osteo-articular disease and intracranial disease (Table 1) .
Necrotizing soft tissue disease
Thirteen patients had 17 subcutaneous abscesses (single, n ¼ 6, multiple, n ¼ 7). Majority (7/11, 63%) with nontraumatic onset were under-5s. Four of them had multiple scalp abscesses and were <18 months of age. Thirteen patients had 18 sites of cellulitis, involving one (10) or more (3) of following sites-thighs (10), upper arms (3), forearm (3) and back (2) . Three patients had pyomyositis of thighs. Two patients had right psoas abscess, one presented at admission with tenderness and induration at right iliac fossa, while another developed these signs on day 5. None had spine involvement. Open surgical drainage was performed for 25 of these soft tissue lesions and fasciotomy for a thigh pyomyositis. Surveillance ultrasound examination revealed bilateral psoas myositis (with no liquefaction) in one patient, which responded to conservative management. The soft tissue involvements were associated with modestly increased incidence of septic shock (RR, 1.77; 95% CI, 0.96-3.26) ( Table 2) and mortality (RR, 2.10; 95% CI, 0.47-9.41).
Pleuro-pulmonary disease
Majority of patients (41/47, 87%) had pneumonia-33 patients had clinical signs of consolidation at admission, while in eight patients it was detected on chest radiographs. Radiological findings revealed multiple scattered round, small or large, consolidated fluffy infiltrates in the majority and pneumatoceles in two. Twenty patients (38%) had thoracic empyema (unilateral: 13, bilateral: 7). In 14 it was detected at admission [on clinical (11) and/or radiological (3) examination], in three patients during first 3 days of hospitalization, and in another 3 during 2nd or 3rd weeks. Tube drainage (TD) was put in 24 cavities of 17 patients, 22 of them responded well after TD of 7.6 (3.4) days (range, 2-16 days). Two patients required surgery-minithoracotomy and decortication after 10 and 15 days of TD, respectively. A 1-month-old child developed nosocomial empyema on day 10 & growth of Enterobacter aerogenes. Ten patients (19%) had pneumothorax (unilateral: 5, bilateral: 5). Three patients had it at admission; one presented with bilateral tension pneumothorax, subcutaneous emphysema and cyanosis. Others developed it during initial 4 days; two while on ventilator (bilateral in one). All were managed with TD. Many patients had two or more conditions of pneumonia, empyema and pneumothorax.
Pericardial effusion
Pericardial effusion (n ¼ 21, 40%) was detected in 13 patients at admission with one or more conditions of pericardial rub, muffled heart sounds, pedal edema, high jugular venous pressure, hepatomegaly, increased cardiothoracic ratio on chest radiograph at admission; one had already undergone two pericardioscentesis prior to admission. Four patients were diagnosed clinically during first 2-3 days, while in one patient on day nine. In another three, minimal effusion was detected on surveillance ultrasonographic examination during first week. In 17 patients, it was associated with pneumonia (7), empyema (7) or both (3). Echocardiography revealed tamponade in six patients. Pericardioscentesis (in 14 patients) revealed pus (n ¼ 13) and sero-sanguineous fluid (n ¼ 1). In the remaining, it was deferred for hemodynamic instability (1) or minimal effusion (5). Patients with purulent effusion underwent pericardial surgery (n ¼ 13). In one patient, the procedure was lifesaving with significant and immediate improvement in respiratory distress, hepatomegaly and general well-being. Another with subacute involvement continued to have congestive heart failure, may be due to epicardial hypoxia and responded to digoxin and diuretics. Twenty patients had full pericardial recovery; however, one of them later succumbed to nosocomial sepsis. One patient had irreversible shock and died prior to pericardial intervention.
Endocarditis (n ¼ 4)
A large mitral leaflet vegetation was detected in a patient during echo for pericardial effusion, while in another patient aortic valve vegetation (3 mm Â 6 mm) was detected during evaluation for recurrence of fever, splenomegaly and pallor on day 11. They responded favorably to conservative management. One patient presented with ejection systolic murmur, raised intracranial pressure, trivial tricuspid regurgitation on echo and succumbed to pulmonary hemorrhage on day 5. In the fourth one, endocarditis was suspected for altered sensorium, systolic murmur and multiple purulent purpura especially at acral parts; echo could not be obtained.
Osteo-articular disease
Fifteen patients (28%) had septic arthritis of 19 joints; 13 had it at presentation and two developed it during 3rd and 4th week while on adequate antibiotics. Barring two patients, all were ! 4 years of age. Hip involvement was much more common (11/15, 73%) even in older children contrary to the previous reports [11] . Other involved joints were knee (3), ankle (2) and elbow (1). Four patients had cellulitis of overlying soft tissues; one of them (3-month-old) with hip arthritis had osteomyelitis of femur as well. Nine joints were managed conservatively while eight joints required arthrotomy. One patient developed osteomyelitis of mandible and both bones left leg after 4 weeks of hospitalization. Mandibular disease was managed by tooth extraction and pus drainage, while leg bones required surgical drainage.
Intracranial disease
Twenty-one patients had altered sensorium at admission, however only 12 patients had identifiable intracranial pathology. Nine patients had meningitis at admission, and one developed it on day 9 along with empyema and pyopericardium. Mostly (6/10) were <2 years of age (median, 1.3 years; SD, 4.0). Altered sensorium (n ¼ 7) and seizures (n ¼ 5; generalized: 3, focal: 1, refractory status epilepticus: 1) were most frequent clinical presentation; others being hemiparesis (1), hypertonia (1) and sixth cranial nerve palsy (1). Four patients each had signs of meningeal irritation and raised intracranial pressure. CSF examination revealed polymorphonuclear pleocytosis (9), increased protein (6) and hypoglycorrhachia (4); CSF culture was positive in two patients only. One of them got complicated with hydrocephalus and another revealed a large brain abscess on CT scan obtained on day 6. The later one had marked CSF pleocytosis (1000 cells, 90% polymorphs), and thus meningitis secondary to rupture of brain abscess is likely. One patient had multiple small brain abscesses on CT scan obtained on day 13 for persistent fever after having endocarditis and meningitis ruled out. Multiple brain abscesses were suspected in a patient with endocarditis (trivial tricuspid regurgitation) and raised intracranial pressure (decerebrate posturing), however it could not be confirmed. Predisposing conditions All patients were apparently healthy before onset of disease and none had history suggestive of immunodeficiencies. All acquired infection in the community. Preceding history of pustules was present in 14 patients. Eight patients (15%; all !4 years of age) had blunt trauma and four received injections prior to development of corresponding soft tissue or musculoskeletal involvement. Two patients each had inadequate drainage of small abscesses and cut injuries. None of the patients had preceding history of measles, chicken pox or recurrent infections.
Microbial characteristics
Gram stain and culture of relevant body fluid and blood culture were obtained in all patients at admission. Forty-four patients (83%) revealed the growth of S. aureus; all but 4 (9%) isolates were methicillin-sensitive (MSSA). Clinical Methicillinresistance was suspected in two more patients with growth of MSSA. The organism was isolated from blood (29) , pus from soft tissue involvements (11), empyema fluid (5), pericardial fluid (4), joint fluid (4), CSF (2) and psoas abscess (1); in 11 patients from >1 body fluids. In nine culture-negative patients, Gram-positive cocci in clusters were seen in at least one body fluid.
Discussion Staphylococcus aureus is ubiquitous in both urban as well as rural environments. Virulence characteristics of S. aureus (namely, poor immunogenicity, necrotization, complex toxigenicity, antimicrobial resistance, capacity to metastasize and to escape phagocytosis) and temporarily suppressed neutrophil function after an antecedent viral infection [12] are responsible for severe disease in all age groups [13] with normal cellular and humoral immunity [12] . About half of children with staphylococcal bacteremia may have disseminated disease [1] . However, no recent review on DSD in childhood could be found in English literature except few case reports and small series [1, 3, 14] .
Disease occurred primarily in previously healthy children in 5-10 years of age group as reported earlier [4, 14] . Males were affected more often than females and probably reflected gender bias prevalent in our society [15] . Patients were seen mostly during hot and humid months for excessive sweating, moist skin and poor personal hygiene favor growth of skin flora leading to high incidence of staphylococcal pyoderma [16] in the tropical zone. Nasal carriage seems to be more important in patients from temperate zone [17] . Hematogenous dissemination from these lesions may lead to widespread metastatic seeding, more so in malnourished children [18] . More commonly seeded tissue sites are lungs, bones, joints and muscles. Internalization of staphylococci by endothelial cells and their capability of intracellular survival provide a sanctuary that protects bacteria against host defences and may be responsible for persistence and/or delayed clearance of infection in DSD.
Community acquired MRSA (CA-MRSA) infections are increasingly being seen in children [19] from west [20, 21] as well as from far-east [22, 23] , however, it has been reported only recently from South Asia [24] . Over 5 years, we saw four patients with no recognizable risk factor. Emergence of CA-MRSA is a cause for concern for associated worse clinical outcome and need of costly antimicrobials [25] .
Nature of organ involvement
The prodrome of illness was brief (2-4 days) as reported recently [1] , and was heralded by spectrum of symptoms. Most patients had one or more of surface manifestations, e.g. pustules, abscess or cellulitis prior to bacteremic presentation. Patients had multiple deep-seated organ involvement and had on an average of three infected sites; 18 lesions were discovered during 2nd and 3rd weeks of hospitalization. These late lesions were thoracic empyema (4), pericardial effusion (4), arthritis (2), osteomyelitis (2), brain abscess (2) and endocarditis, meningitis, psoas abscess, fore arm abscess one each. It is likely that multiple metastatic foci might get established during early bacteremic phase [26] only to surface later or to get identified at autopsy [3] . In fact in one study, 50% of lesions were reported to be concealed at admission, and one-third of them could be identified at autopsy only [4] . In another study of 36 patients, only 2.5 septic foci per patient could be detected during life, while 12.5 foci were detected at autopsy [27] . Thus a high degree of clinical suspicion, repeated physical examination and a comprehensive, may be frequent, imaging is required for active search of metastatic foci [28] . Ultrasonography [29] , CT [30] and MRI [31] scans are helpful in early stages of soft tissue infections. Echocardiography, bone and leukocyte scintigraphy are other useful tests for the purpose [28] . None of our patients with late appearance of new foci needed change of antibiotics, ruling out these to be due to antimicrobial resistance.
Pleuro-pulmonary involvement was the commonest presentation [3, 14] . Staphylococcal pneumonia presents in two forms: [32] primary pneumonia due to direct inoculation through respiratory tract [13] and secondary metastatic lung infection due to bacteremic seeding from other sites [33, 34] . Primary pneumonia usually occurs in early childhood and among malnourished patients [13] . Pleuropulmonary involvement is a rapidly progressive disease and may have rapidly (from day to day) changing typical radiological characteristics [35] namely, bilateral multiple nodular parenchymal lesions, lobar consolidation [31] , empyema, pneumothorax, pneumatocele, excavated staphylomas (abscesses) and less frequently surgical emphysema. A high proportion of patients have empyema [34, 36, 37] and pneumothorax [34, 36] as seen in our series. Hospitalization, preferably in an intensive care unit is indicated in patients with staphylococcal pneumonia to deal with potential emergencies namely, septic shock, respiratory failure, tension pneumothorax or cardiac tamponade.
Pericardial effusion is also reported commonly with DSD [3, 14] and was present in more than one-third of our patients. Clinical suspicion and check echocardiography in all patients is required for their early detection. Only one patient (5%) died due to pericardial disease against reported mortality of 25% [38] , probably due to early diagnosis and prompt drainage in critical care setting. Moreover, patients with pericardial effusion had better survival; probably initial cardiac compromise brought them much early before development of systemic complications. Endocarditis is a known complication of staphylococcal bacteremia in children and may be silent; detectable only on echocardiography [39] . Of the four patients we saw with endocarditis, it was silent in one. Some cases might have been missed for the lack of universal surveillance echocardiography for vegetations.
Older children with high activity are more likely to have trauma to musculoskeletal structures and soft tissues as predisposing factors. Unsafe intramuscular injections seem to be the likely predisposing factors among infants. Extensive and rapidly progressive necrotizing soft tissue lesions were associated with high incidence of septic shock and early deaths. Such patients may preferably be referred early to a tertiary care center for intensive management. Meningitis is considered as an unusual manifestation of staphylococcemia [40] in children with normal central nervous system and immunity [13] . However, high incidence (19%) of meningitis emphasizes need of CSF examination in staphylococcemic patients with abnormal mental status [41] , more so if they are of <2 years. Unusually high pleocytosis may indicate ruptured brain abscess and thus necessitate neuroimaging.
Prevention
It is impressive to have minor skin lesions causing potentially fatal DSD. Thus, prevention depends on paying careful attention to even benign skin infections, so common in tropical region, more so during hot and humid months. These are likely to arise in moist areas of body e.g. axilla, perineum and skin creases. High standard of personal hygiene, careful cleaning and adequate protection of abrasions and minor lacerations reduce the likelihood of skin infections. Safe injection practices and proper surgical drainage of pus are other important preventive measures. Careful cleaning, proper antimicrobial therapy, topical and/or oral, of skin infections may help in preventing serious and invasive infections. Person-to-person spread might be prevented by prompt treatment of infected child and excusing him from school till he stops discharging pus. Towels and washcloths should not be shared with other members of family [13] . An antistaphylococcal agent should be considered in first-line treatment of severe pneumonia [24] . Inclusion of specific antistaphylococcal antimicrobials in empiric therapy for septicemic children in developing countries is being suggested [1] . Vaccines against S. aureus have been tried but are still in experimental stages [42] .
To conclude, staphylococcal infections continue to be major public health problem in developing economies. Hematological spread from benign skin lesions may lead to fulminant disseminated disease. Minor-looking skin lesions should be attended early for its prevention. Prompt diagnosis and effective therapy depend on maintaining a high index of suspicion. Identifying metastatic foci is crucial for instituting source control measures, which forms an integral part of management of these patients. A thorough evaluation with appropriate and frequent imaging studies is required for the purpose. Community acquired infections are still methicillin-sensitive; however emergence of MRSA is of concern and needs ongoing monitoring.
